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"Novel agents for the prevention of leishmaniasis" 

The invention relates to novel agents for the 
prevention of leishmaniasis in animals and in humans. 

5 

It relates in particular to nucleic acid molecules 
encoding virulence or pathogenicity factors in 
Leishmania and to the use thereof for producing such 
factors in order to develop vaccine compositions 
10 against leishmaniasis . 

Leishmaniasis represents one of the six major parasitic 
diseases and is considered, in this respect, to be a 
priority by the World Health Organization (WHO) . 

15 Leishmania exists in the extracellular promastigote 
form, inside the digestive tube of the vector insect 
(the sandfly) , and in the intracellular amastigote 
form, in the mammalian host. Several molecules, 
including lypophosphoglycans (LPGs) or a metallo- 

20 protease called gp63, appear to play an important role 
in the infectious capacity and the the pathogenicity of 
the parasite. More recently, a family of glycoproteins, 
called promastigote surface antigens (PSAs) , has raised 
new interest. These PSAs are characterized by the 

25 presence of leucine-rich repeats that can be involved 
in protein/protein interactions and confer Th 1-type 
cell-mediated protective immunity in mice. In 
organisms, such as bacteria or plants, it appears that 
PSAs were involved in functions such as cell adhesion, 

30 resistance to pathogens and signal transduction. 

However, no biological role has been described or 
suggested in Leishmania. 

35 It has been possible for this role to be studied by the 
inventors by means of the technique in their possession 
for culturing Leishmania promastigotes and amastigotes 
under serum- free and axenic conditions, with a 
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completely defined medium, i.e. in which the 
constituents are all defined, and which is the subject 
of patent FR 93 05 779 of May 13, 1993, in the name of 
IRD (ex ORSTOM) . The mastering of this method allows 
5 them to have parasitic forms free of the contaminants 
introduced up until now by the culture media, and 
antigenic determinants in a highly purified form. 

In said applicant's FR patent, the isolation and the 
10 identification of an excreted/secreted PSA 
(excretion/secretion antigen, abbreviated to ESA) of 
3 8 kDa and of 4 5 kDa in the culture supernatant of 
L. amazonensis have already been described. 

The inventors have presently isolated and cloned the 
cDNA encoding this protein and evaluated its role in 
the biology of the parasite by developing an additional 
transgenesis strategy. These studies have made it 
possible to demonstrate the involvement of this PSA as 
a virulence and/or pathogenicity factor and to develop 
constructs for overexpressing the Leishmania gene 
encoding this PSA, which makes it possible to develop 
agents for producing vaccine compositions against 
leishmaniasis . 

The aim of the invention is therefore to provide 
nucleic acid sequences being capable of encoding PSAs 
of promastigote forms and of amastigote forms of 
Leishmania, constituting virulence and/or pathogenicity 
factors . 

It is directed more particularly toward providing 
vectors for the overexpression of these PSAs , and also 
genetically modified parasites. 

The invention is also directed toward the culture 
medium supernatants of the PSAs obtained, and also the 
isolated, purified PSAs, and the beneficial use of 
their properties for developing vaccine compositions 
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against leishmaniasis . 

The nucleic acid sequences of the invention correspond 
to isolated nucleic acids capable of encoding a PSA of 
5 promastigote forms or of amastigote forms of 
Leishmania, said nucleic acids corresponding to one of 
the sequences SEQ ID No 1, SEQ ID No 2 , SEQ ID No 3 , 
SEQ ID No 4, SEQ ID No 5 and SEQ ID No 11, and encoding 
PSAs having the sequences, respectively, SEQ ID No 6 , 
10 SEQ ID No 7, SEQ ID No 8 , SEQ ID No 9 , SEQ ID No 10 and 
SEQ ID No 12. 

The nucleic acid sequences of the invention are more 
especially sequences of cDNA clones belonging to a 
15 family corresponding to the characteristics illustrated 
by figure 2 and comprising in particular a Sail 
restriction site and two Hindlll restriction sites, 
with a stop codon located downstream of the first 
Hindu I site. 

20 

The invention is directed in particular toward the cDNA 
clones of said family comprising an EcoRV and/or PstI 
restriction site between the two sites Sail and 
Hindlll, or on either side of the Sail site. 

25 

The invention is also directed toward the isolated 
immunogenic proteins, characterized in that they have a 
sequence as encoded by the nucleic acids defined above. 
It is directed in particular toward the proteins 
3 0 corresponding to the sequences SEQ ID No 6, SEQ ID 
No 7, SEQ ID No 8, SEQ ID No 9 , SEQ ID No 10 or SEQ 
ID No 12 . 

These proteins belong to the "promastigote surface 
35 antigen" (abbreviated to PSA) family and possess 
characteristic regions illustrated in figures 3A and 
3B. These proteins can be post- translationally modified 
by means of N-glycosylations , phosphorylations and 
anchoring of a GPI . They possess a hydrophobic signal 
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peptide in the carboxy- terminal position. 

The inventors have obtained constructs that make it 
possible to express the sequences defined above, in the 
5 sense position, in an expression vector, by directional 
cloning of said sequences. 

The invention is therefore directed toward nucleic acid 
constructs,' characterized in that they comprise 

10 isolated nucleic acids in the sense position, capable 
of encoding an immunogenic protein of promastigote 
forms or of amastigote forms of Leishmania, these 
proteins corresponding to one of the sequences SEQ ID 
No 6, SEQ ID No 7, SEQ ID No 8 , SEQ ID No 9 , SEQ ID 

15 No 10 and SEQ ID No 12 . 

The invention is directed in particular toward the 
nucleic acid constructs comprising sequences of cDNA 
clones belonging to a family corresponding to the 
20 characteristics illustrated in figure 2 and comprising 
in particular a Sail restriction site and two HindXXX 
restriction sites, with a stop codon located downstream 
of the first Hindlll site. 

25 The cDNA clones comprising an EcoKV and/or PstI 
restriction site between the two sites Sail and 
Hindlll, or on either side of the Sail site, are 
particularly preferred. 

3 0 Particularly advantageous constructs comprise, as 
nucleic acid sequences, a sequence chosen from SEQ ID 
No 1, SEQ ID No 2, SEQ ID No 3 , SEQ ID No 4 , SEQ ID No 
5 and SEQ ID No 11, these sequences encoding, 
respectively, proteins having the sequences SEQ ID 

35 No 6, SEQ ID No 7 , SEQ ID No 8 , SEQ ID No 9 , SEQ ID 
No 10 and SEQ ID No 12. 

Preferred constructs comprise said nucleic acid 
sequences in a rapid multiplication plasmid such as 
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pTex. 

The invention is also directed toward the Leishmania 
strains transfected with such constructs, whether 
5 promastigote forms or amastigote forms are involved. 

Transfected strains that are preferred, taking into 
account the vaccine applications targeted, are 
L. infantum strains. 

10 

Advantageously, the PSAs are produced in large amount, 
cons ti tut ively, in the parasites. 

The invention is also directed toward a method of 
15 transfecting a Leishmania parasite, characterized in 
that a vector as defined above, comprising a marker, is 
introduced into the Leishmania parasite, the 
transfected parasites are selected by means of said 
marker, they are placed in culture in a completely 
20 defined axenic and serum- free medium, and the culture 
supernatant which contains the immunogenic proteins 
present in concentrations of the order of 10 to 20 
times higher than that produced by the Leishmania 
mother strain is recovered. 

25 

The introduction of the vector into the parasite is, 
for example, carried out by electroporation . 

The insertion of these nucleic acids into the parasites 
3 0 makes it possible to increase the infectious capacity 
of the latter: their ability to survive in the infected 
macrophage and to multiply therein is up to 5 times 
greater than that of the parasite not transfected with 
such nucleic acids. 

35 

Said PSAs are produced in large amount in the parasite 
culture medium supernatant. The invention is therefore 
also directed toward the culture medium supernatants of 
said genetically modified parasites, and also the PSAs 
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isolated from these supernatants and purified. 

The invention thus provides agents of great value for 
satisfying the industrial demand for large amounts of 
5 proteins constituting virulence/pathogenicity factors 
in Leishmania . 

Due to their immunogenic capacity, these proteins make 
it possible to obtain, after immunization of animals 
10 according to conventional techniques, polyclonal 
antibodies and to develop monoclonal antibodies. The 
immunization of mice has thus made it possible to 
obtain anti IgG2A antibodies and that of dogs has made 
it possible to obtain IgG2 antibodies. 

15 

The invention is therefore also directed toward such 
antibodies and makes beneficial use of their properties 
for developing, on an industrial exportable scale, 
vaccine compositions against leishmania in humans or 
2 0 animals. 

The diagnostic applications of these antibodies are 
also part of the invention. 

25 Other characteristics and advantages of the invention 
will be given in the examples which follow, in which 
reference will be made to figures 1 to 8, which 
represent , respectively : 

30 - figure 1, the 3' alignment of the nucleotide 
sequences of cDNA clones according to the invention; 

figure 2, a recapitulative diagram of the 
nucleotide sequences of the cDNA clones obtained after 
immunoscreening, with an anti-ESA monoclonal antibody, 

35 of L. amazonensis promastigote form and amastigote form 
expression libraries. The restriction enzyme sites are 
indicated above each sequence; 

figure 3A, the location of various protein 
regions, characterized by their specific amino acid 
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composition, present on the protein sequence deduced 
from the cDNA of the clone A3B ; and figure 3B, a 
diagrammatic representation of the protein sequence 
deduced from the cDNA of the clone A3B encoding a PSA; 
5 - figure 4, the analyses of the transcripts by RT- 
PCR in the promastigote (P) and amastigote (A) forms; 

figure 5, the level of production of the protein 
by Western blotting, using an anti-PSA antibody; 

figure 6, the effect of the overexpression of a 
10 PSA of L. amazonensis on the infectious capacity of the 
parasites; 

figure 7, the nucleotide sequences SEQ ID Nos 1 to 
5 and 11, respectively, of the clones A3B, 2C1, 1A1, 
2G1 and W2 of L. amazonensis promastigotes and 
15 amastigotes and IJ11 of L. infantum promastigotes, and 
the corresponding encoded amino acid sequences SEQ ID 
Nos 6 to 10 and 12, and 

figure 8, the parasitic index determined during 
the in vitro infection of canine macrophages with a 
20 wild-type strain or selected L. infantum promastigote 
clones, at various incubation times. 

1 - Molecular characterization of the major immunogens 
of the ESAs of promastigote and amastigote forms of 
L. amazonensis (abbreviated to Lma) 

This characterization was carried out by screening 
L. amazonensis promastigote form and amastigote form 
cDNA expression libraries using a monoclonal antibody 
directed against the ESA major immunogen. 

- cDNA library characteristics : 

Two cDNA expression libraries, respectively of 
promastigote forms and of amastigote forms of 
L. amazonensis , were produced. The characteristics of 
these libraries are given in table I. The exponential- 
phase and stationary-phase parasites were mixed in 
order to have access to the various transcripts that 
may be expressed during the various stages of the in 
vitro culturing thereof. 5 x 10 4 phages per library were 
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then immunoscreened with the monoclonal antibody F5 
diluted to 1/500. The production of this antibody is 
the subject of the example in the FR patent mentioned 
above . 

5 

Table I 



cDNA library Lma LES 
D4 + D7 


Promastigotes 


Amastigotes 


Harvest D4 + D7 
Titration after packaging 
Titer after amplification 


7.8-10 9 
350 000 

8.32- 10 7 pH/ul 


7.8-10 9 
500 000 
2.16-10 8 pH/ul 



D4 + D7 = parasites harvested on the 4th day, in the 
exponential phase, and on the 7 th day, in the 
stationary phase of their growth. 



10 

- Isolation and sequencing of the clones recognized by 
the monoclonal antibody F5 

13 clones of the promastigote library were found to be 
positive and 11 clones of the amastigote library were 
15 found to be positive. All these clones were isolated by 
secondary and tertiary screening. 

The plasmid DNA of all the clones isolated was analyzed 
after various enzymatic digestions and the cDNAs having 

20 larger inserts, by EcoRI/XhoI digestion, were selected 
in order to eliminate the cDNAs that were too truncated 
in the 5' position. As shown in table II, the clones 
1A1, 1B1, 2B3, 2C1, 2D1 and 2E1 of the promastigote 
cDNA library and the clones A3B, V4A, V5, W2 and W3 of 

25 the amastigote library exhibit the larger inserts. 

The analysis of these clones, by determining the 
presence or absence of two previously selected 
restriction enzyme sites (Hindlll and Sail) , show that 
3 0 they exhibit strong homology of their nucleotide 
sequence . 



Three different classes of clones were demonstrated, by 
double Hindlll/Sall digestion, with a HindllX/ Sail 



fragment less than 400 bp in size (clone 2G1) , 500 bp 
in size (clones of type 2C1 and A3B) or 600 bp in size 
(clones of type 1A1 or W2) , respectively. Thus, five 
types of clones, chosen according to the specific 
characteristics of their DNA (the size of the insert 
and the location of certain restriction enzyme sites) 
are represented in bold characters in table II. 



Table II 
Lrua promastigote cDNA library 



cDNA clones 


1A1 


1B1 


1C1 


IDS 


1F1 


2A2 


2B3 


2C1 


2D1 


2E1 


2F1 


2G1 


B3A 


Size of the 
EcoRl/XhoI 
inserts 
(kb) 


2.5 


2 . 5 


2-2.2 


0.5 


2 


2 (>) 


2 . 5 


2.4 


2 .4 


2.4 


2 


1.7-2 


1 . 7 


Restriction 
map 




























Sail 


Y 


Y 


Y 


N 


N 


N 


Y 


Y 


Y 


Y 


N 


Y 


N 


Hindi I I 


1 . 1 


1.1 


1 . 1 


/ 


1.1 


1 . 1 


1.1 


1.1 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


Hindlll/Sall 
(bp) 


600 


600 


500 


N 


N 


N 


600 


500 


500 


500 


N 


<400 


N 


Recombinant 

protein 

expression 




























(kDa) 


45 


/ 


40 


/ 


/ 


/ 


/ 


42 . 5 


/ 


/ 


39 


■p 


18 
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Una amastigote cDNA library 



cDNA clones 


A3B 


V1B 


V2D 


V3A 


V4A 


V5 


W1A 


W1C 


W2 


W3 


W5 


EcoRl/XhoI 
(kb) 


2.3 


2-2.2 


2.2 


? 


2.3 


2.3 


2 


2 


2.3 


2 . 2 


1 . 7 


Re s t r i c t i on 

i\W W Am. ml- \m+ V— • A 

map 
























Sail 


Y 


Y 


Y 


N 


Y 


Y 


N 


N 


Y 


Y 


N 


zj-{ nWTTT 
nxiiuiii 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


1 . 1 


Hindi I I /Sail 
(bp) 


505 


500 


500 


N 


500 


500 


N 


N 


600 


500< 


N 


Recombinant 

protein 

expression 
























(kDa) 


42,5 


/ 


36 . 5 


/ 


36 • 5 


43 


/ 


/ 


45 


/ 


/ 



Y = yes, for site present; N = no, for site absent; 
/ = performed; ? = result not obtained. 



5 

Table II also gives the results relating to the ability 
of the clones to express a recombinant protein. IPTG 
was used as an inducing agent. The samples were 
analyzed by SDS-PAGE and immunoblotting in the presence 

10 of the antibody against promastigote form and/or 
amastigote form ESA, preabsorbed in the presence of 
E, coli lysate. Equivalent results are obtained. For 
clones of interest, the expression of various 
recombinant proteins ranging from 42.5 kDa in apparent 

15 molecular weight (clone 2C1) , to 43 kDa (clone A3B) or 
4 5 kDa (1A1 and W2) is noted. 

The "sequence listing" document reports the results of 
the sequencing: 

20 - of the following three types of clones of the 
promas t igot e 1 ibrary : 

the clone of type 1A1 (SEQ ID No 3), which 
expresses a protein, of sequence SEQ ID No 8, of higher 
molecular weight. The clones of type 1B1 and 2B3 are of 
25 the same type as this clone; 

the clone 2C1 (SEQ ID No 2), which expresses a 
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recombinant protein of molecular weight lower than that 
of the clone 1A1, having a sequence SEQ ID No 7; 

the clone 2G1 (SEQ ID No 4), which has the 
particularity of possessing a small Hindi II/ Sail 
5 fragment, which expresses a recombinant protein of 
molecular weight lower than that of the clone 1A1, 
having a sequence SEQ ID No 9; 

of the following two clones of the amastigote 
library: 

10 . the clones of type A3B (SEQ ID No 1), which 
express a recombinant protein of approximately 4 3 kDa, 
of sequence SEQ ID No 6 and having a 500 bp 
HindXII/Sall fragment, the clone V5 appearing to be 
identical. The clones V2D and V4A are considered to be 

15 truncated clones of the same type; 

the clone W2 (SEQ ID No 5) , which expresses a 
recombinant protein of 4 5 kDa, of sequence SEQ ID No 10 
and which has a 600 bp HindXU/Sall fragment. 

2 0 . Study of the five cDNA sequences 

The alignment of the five cDNA sequences obtained is 
represented in figure 1, where the differences between 
these clones are only due to the presence of a 5'- 
truncated sequence and/or the insertion of sequences of 
25 approximately 72 nucleotides of the 5' side. The clones 
thus exhibit one (clones 2C1 and A3B) or three (clones 
1A1 and W2) insertions. Outside these insertion zones, 
the clones exhibit homologies of the order of 99% and 
can be considered to belong to a cDNA family. Only the 

3 0 clone A3B has the ATG initiation codon, the other 

clones being 5' -truncated. However, the A3B cDNA does 
not have the 3 9 nt sequence encoding the * splice 
leader" found in the 5' position on all Leishmania 
mRNAs . 

35 

The cDNAs of the clones A3B and 2C1 exhibit virtually 
total homology and are therefore considered to be 
identical, the cDNA of the clone 2C1 corresponding to a 
5' -truncated portion of the cDNA of the clone A3B. 
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The clone A3B, representative of this family, was the 
subject of complete sequencing in both directions. 

5 The restriction enzyme sites for each of these clones 
are reported in figure 2. 

The sequences SEQ ID Nos 1 to 5 correspond, 
respectively, to those of the cDNAs of A3B, 2C1, 1A1, 
10 2G1 and W2 . 

- Analysis of the various deduced protein sequences 
The translation of the various cDNA sequences into 
protein sequences was carried out by choosing the 
15 reading frame corresponding to that suggested by the 
position of the initiation codon on the plasmid pB-SK, 
the transcription of which is under the control of the 
promoter of the lacZ gene subjected to induction with 
IPTG. 

20 

The A3B protein exhibits the regions illustrated in 
figures 3A and 3B. At the NH 2 - terminal , a hydrophobic 
peptide, which can be cleaved, and which is described 
in the literature as a secretion pathway signal 

25 peptide, is identified. This is followed by the 
leucine-rich repeat domain, the clone A3B possessing 6 
repeats. About ten amino acids from the end of this 
domain is a region rich in proline, threonine and 
serine, hereinafter called poly P/T/S region. This 

30 region is followed by a cysteine-rich region, that can 
be involved in disulfide bridges. Finally, the protein 
sequence ends with a hydrophobic signal peptide. 

The cDNAs of the clones A3B and 2C1 exhibit virtually 
3 5 total homology and are therefore considered to be 
identical, the cDNA of the clone 2C1 corresponding to a 
5' -truncated portion of the cDNA of the clone A3B. 

The clone A3B, representative of this family, was the 
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subject of complete sequencing in both directions. 



i 



The restriction enzyme sites for each of these clones 
are reported in figure 2: Nt = nucleotides; 
5 ATG = initiation codon; TAG = stop codon. 

Analysis on the PROSITE database shows that the A3B 
protein has an N-glycosylation site located at the end 
of each leucine-rich repeat domain, and 12 potential 
10 phosphorylation sites. 

Analysis of the location of this protein on the PSORT 
server predicts a cytoplasmic location at 92%, which 
indicates that the protein is soluble. This protein is 
15 probably anchored to the surface via a glycosyl 
phosphatidyl inositol or GPI . The hydrophobic signal 
peptide can therefore be cleaved and allow anchoring of 
the GPI at the level of asparagine (D) . 

20 The theoretical molecular weight of the protein of the 
clone A3B differs by approximately 2.9 kDa from that of 
the 1A1 and W2 proteins, which is in agreement with the 
difference of 2.5 kDa observed between the 
corresponding recombinant proteins. This difference is 

25 due to the presence of a variable number of leucine- 
rich repeats or LRRs, each also exhibiting a specific 
amino acid composition. 

The apparent and theoretical molecular weights of the 
3 0 four types of PSA of the invention are given in 
table III below. 
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Table III 



Type of PSA 


MW of the 
recombinant 
protein 


Theoretical MW 
(nontruncated) 


MW without 
signal peptide 
(3.2 kDa) 


4 LRR (2G1) 


/ 


33.5 kDa 


3 0.3 kDa 


6 LRR (A3B) 


42.5 kDa 


38.5 kDa 


35.3 kDa 


7 LRR (1A1 and W2) 


45 kDa 


41.4 kDa 


3 8.2 kDa 



2 - Obtaining genetically modified parasites : 
Directional cloning of the LaPSA 3 8s gene into the 
5 expression vector pTex made it possible to obtain a 
construct capable of expressing the PSA gene in the 
sense position. The plasmid pTex-LaPSA 38s sense 
orientation and the empty vector pTex were then 
electroporated into the wild- type strain Leishmania 
10 infantum Mon 1 Clone 1, and the parasites were then 
selected with geneticin. 

The study was carried out on wild- type (WT) parasites 
of the species L. infantum, those transfected with 
15 empty pTex (pTex) and those transfected with pTex 
containing the nucleotide sequence of interest (sense) . 

Molecular characterization : 

The analysis of the total DNA by Southern blotting 
20 shows that the sense construct is stable and amplified 
in the transformed strain. The results are given in 
figure 4, which gives the analyses of the transcripts 
by RT-PCR in the two forms, promastigotes (P) and 
amastigotes (A) . Figure 5 gives the level of production 
25 of the protein by Western blotting, using an anti-PSA . 
antibody (figure 5A: constitutive proteins; figure 5B: 
excreted/secreted proteins) . 

Phenotypic characterization of the mutants : 
3 0 The comparison of the growth kinetics between Ldi WT, 
Ldi pTex and Ldi Sense shows that the overexpression of 
LaPSA 3 8s does not interfere with the growth of the 
parasites. Only a longer lag phase is observed for the 
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strains transformed with the wild- type strain. 

The sensitivity to lysis by human complement was also 
studied. Recently, it was demonstrated that L . 
5 amazonensis PSA had the property of inhibiting the 
action of complement in vitro. The w sense" 
promastigotes are more sensitive to complement. The 
excess PSA at the surface of the parasites can thus 
lead to cleavage and also to a greater formation of 
10 complexes engendering increased lysis. 

Study of infectious capacity of the parasites 
To study the effect of the overexpression of LaPSA 3 8s 
on the infectious capacity of the parasites, the first 
15 approach consisted in bringing promastigotes of the 
transformed strains into contact with macrophages from 
dog, which is the natural domestic reservoir for 
visceral leishmaniasis . 

2 0 Figures 6A and 6B give the results obtained, 

respectively, 2 h after contact with the promastigotes 
and 48 h after contact with the amastigotes; in these 
figures, the parasitic index corresponds to the % of 
macrophages infected with the Sense strain x the number 
25 of parasites per macrophage/% of macrophages infected 
with the control strain (pTex) x the number of 
parasites per macrophage. 

The promastigotes overexpressing LaPSA 38s exhibit 

3 0 twice as much infectious capacity with respect to 

canine macrophages. Furthermore, after phagocytosis, 
the amastigotes expressing the transgene possess a 
capacity to survive and to multiply in the 
parasitophorous vacuole that is significantly greater 
35 (2.5 to 5 times) than that of the control transfected 
with the empty vector. 
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2 - Molecular characterization of the L, infantum 
promastigote ESAs 

The nucleotide sequence of the L. infantum promastigote 
clone IJll is given in figure 7 (SEQ ID No 11) along 
5 with the corresponding amino acid sequence (SEQ ID 
No 12) . 

Figure 8 reports the parasitic index determined during 
the in vitro infection of canine macrophages with the 

10 wild- type strain or the various selected L. infantum 
promastigote form clones (MHON/MA/67/ITMAP-263 , clone 
2) , at various incubation times . The examination of 
these results shows attachment of the parasites to the 
macrophages after 3 0 min, penetration of the parasites 

15 after 2 hours and survival and multiplication of the 
intracellular amastigotes at 48 hours. 
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CLAIMS 



1. A nucleic acid construct, characterized in that it 
comprises an isolated nucleic acid in the sense 

5 position, capable of encoding an immunogenic 

protein of promastigote forms or of amastigote 
forms of Leishmania, said nucleic acid 
corresponding to one of the sequences SEQ ID No 1, 
SEQ ID No 2, SEQ ID No 3 , SEQ ID No 4 , SEQ ID No 5 
10 and SEQ ID No 11. 

2. The construct as claimed in claim 1, characterized 
in that the sequence comprises a Sail restriction 
site and two Hindlll restriction sites, with a 

15 stop codon located downstream of the first Hindlll 

site . 

3. The construct as claimed in claim 2, characterized 
in that said nucleic acid sequence comprises an 

2 0 EcoRV and/or PstI restriction site between the two 

sites Sail and Hindlll, or on either side of the 
Sail site. 

4. The construct as claimed in any one of claims 1 to 
25 3, characterized in that said nucleic acid 

sequence is cloned in the sense position into a 
plasmid such as pTex. 

5. The construct as claimed in any one of claims 1 to 
30 4, characterized in that it encodes an immunogenic 

protein of promastigote ' forms or of amastigote 
forms of Leishmania, these proteins corresponding 
to one of the sequences SEQ ID No 6 , SEQ ID No 7 , 
SEQ ID No 8, SEQ ID No 9 , SEQ ID No 10 and SEQ ID 

3 5 No 12. 

6. An isolated immunogenic protein, characterized in 
that it has a sequence chosen from SEQ ID No 6, 
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SEQ ID No 7, SEQ ID No 8 , SEQ ID No 9 , SEQ ID 
No 10 or SEQ ID No 12. 

A genetically modified Leishmania strain, 
characterized in that it corresponds to Leishmania 
amastigote or promastigote forms transfected with 
a construct as claimed in any one of claims 1 to 
5 . 

The strain as claimed in claim 7, characterized in 
that it is an L. infantum strain. 

A method of transfecting a Leishmania parasite, 
characterized in that a construct as claimed in 
any one of claims 1 to 5, comprising a marker, is 
introduced into the Leishmania parasite, the 
transfected parasites are selected by means of 
said marker, they are placed in culture in a 
completely defined axenic and serum- free medium, 
and the culture supernatant which contains the 
immunogenic proteins present in concentrations of 
the order of 10 to 20 times higher than that 
produced by the Leishmania mother strain is 
recovered . 
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gCTTOrtTATCACTtmgATCOAjMAre 5~ _ _ m , , ,. ttl 

, ~ ** ft TOtreTTftnrr^v^A^ mi 

. — ■ ■■' . A,TTUt^ceggceACAACcrrAAi%3qc^ wi 

taoA ^r cTttgracw^^ — — * ~ 



GcnMrrorrrTGGATcroaA^^ 4<i 
0qraAjreAjCTyi>erirr^^ s-o 



CACTTX&CCTOM'ECAAGCAOCTCACCCTTCFO OWXCl fcSApQOCACTl 

CA<m^ac:rQ»TOUcrAOcT0ATOw 

' - ' ■ '- " AGAACTpCO gn UU V OW S * 

ACTACfOOCATCnrTOaCKSOA' 

gnawer 



CCCTOC AQplijAA^ rACTIKXiAi <_) ti Iu.TKX3*UJ U TfCCtCCCJ I 
c qqqTQOCT^ 



fctiSeCjAAGGCQOAOG *C 

~* ^ ~ -^^c^AAcfcAwyciv *4I 




sA a^cflea frcroJ^^ ~ 



OQ^GO^AOCrTSCTi 



!TGg%n 



SOI 
2Ci 



A» 
.AMI 

AjQ 
A3* 



^'^WPttfiSgCiCApoiBt^ ~ 



AToocrnrT qagctcttoccmoq ckjqactc doctor CT?crrt5tocc Afl gtoccotp. * i^fc^febcruACCWA roAON^ccrrcocroocc^/ax^v^ Ml 
Tts mAiumir. — - — 





rrocg ctc ro c.TOTopip.EcacoceAoa3WWiAa»A_ 



1*11 

IMC6CO0CTTOCT m» 



TTTQvTOCQQCOCnXjOCCCATLU. U tt» 1 Vl CCT ^l U t lt lXC CT aj aa,lUJ ^ ^ I to 9 

C GTTK*CCT AAGQACA TCTAT 4 T ATSTA T CT CT APgTATATQAOTATQT ATATAnTTACD QTTAT ATATACGAATTTCTGT A OaCCTCTATGC/.TG W39 

TOOQtCCCT ATATT^O > TtfPCfUACCACWU^'Ct^ >UO>HXAvviC i'CI 1 wtCLCOCCTCCOfclOy Q C U l 01 PACT W^t VfOC C Oa C ttyyoqPQOOTVQ 3tjp 

ooocooorooTceoca ro ooao»»CflOOoocrtCTCTorc 1 1 rcTCT* WTCier CTT ce e T Ci ro*cc^C<> aa^aaaaaaaaaaaaaaaaaa zcn 
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Alignment of the various cDNA sequences obtained 



uotatu 
SEQinns 



REPLACEMENT SHEET (RULE 26) 



WO 2005/051989 



2/14 



PCT/FR2004/002955 



1*1 
\w 

AJfl 

"*Cl 
Ml 

vw 

Alt 
IC1 

Ml 

VY2 
AJ8 

in 
?g< 



fc-rrh- i.rrv€ » A r^aTOTAT ^TATCTATCtGTATCTAT^t^C^GTATOTA?' ATSTACJGYTaTAJ^ ATACft{A,TTf flfrCT 
OtOO^AJtfSOACATOT^TATOTArOrorAOC^ 



A>JtAAAA*A 

aaa^aaaaaaxaAaaaa^- ' 



FIGURE 1 (continued) 
3' Alignment of the nucleotide sequences of the various cDNA clones 
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Figure 34: Alignment of the nucleotide sequences of the various 
clones isolated from the L. amazonensis promastigote form and 
amastigote form cDNA libraries 
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Promastigote cDNA library clones Po/yA 

Sail >jtM JMUI ; " lW ftl*\N 1 

2G1 , += f- tt^ t, - ~ r f— -1. 

npT Sefi EcoKV • JflmfUf ; TOA /todlU 
— ^4^-^^ — ^ -J . 

Sb/l />»| ////rill! ; < ^/idlU 
1A] I ' ' ' A M * P 

Amastigote cDNA library clones 

' ^ . T**' 1 5W)£«>RV . /ft/dill | TUN AfndlU 
A3B ( t ■ ! ■ | rrjn -. n r-r , L j 

&7/ie«>aV Vst\ Hindm i TUl . /y^iu 

W2 -p=4 ■^ - ■■4^ 1 • 1 

era ■ repetition of 72 or 75 nl not sequenced 
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Secretion pathway 




signal peptide 



HGURE3A 



MAQCmnLVLAAPUA WAULCTSSAWA to ACT$DFTEAQQTWLTVLQAFARA1 
■ PALODT^GSDFCSWKHIiXDSPGVGVWMGOVQYT^PEiVJMSVDYKOV 

M JTELN FS AM GQG LSGTLP PS WS5 
LTS US LCI EJCSEKVTGTLPAQWSS 
MTSLDNLNLHDTAVSGTLPAQWSS 
MKQLTVLDLEGTKVSCTLPS£WSG 
M AKAEA VQLENCOLSGS LP PSWS A 

mpklrjv5lsgnhfcccvpdswre 
kjdrldvtteewhmgedcklanacr 
ptaapgttttn pptttgtpaasstpspc's 
gcev0gc5vcecosaarcahcreoysltdektclanhd 

gg vaaassga vaaaa ywaa vllsygl va 



Leucine-rich 
repeat domain 



Poly P/T/S region 



Cysteine-rich region 



Hydrophobic signal peptide 



region encoding the N-glycosylation 



' h^^ho^etion I P °* P ™ GPI anchoring 

^ pathway signal peptid e I LRR domain re ? lon ^ MgnBl 



Cysteine-rich Hydrophobic 
• region peptide 



FIGURE 3B 
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FIGURE 4 
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- Constitutive proteins 

WT L+a WT pTex Sens© 

56 kDa ^+ 
46kDa 



- Exoreted/seoreted proteins (200 times concentrated 
culture supernatant) 

WT pTex Sens© Z. a WT 

v ^ ^ LJ ~s 

jHBffls ♦^WWH nVSKSr ™" 

IOjjI 10nl lOfil 5^1 2*tl 5>xl 10^1 



56 KDa 
46kDa 




FIGURE 5 
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FIGURE 6B 



0 sense 



PI = Parasitic Index. The variation in PI makes it 
possible to evaluate the infectious capacity of the 
Sense strain of interest, as a function of the 
percentage of infected macrophages and of the number of 
parasites per macrophage, relative to a control strain 
pTex . 
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SEQ ID No 1 (Nucleic sequence A3B) 



ATOCGOXGCAGACtfAACACCkTO^ . 
GACACGTGGACXHJGCAGCXJACTITTfOCTCOT 



GGACOTCATGATCACTGAACnrt^Cf^ 

tx:TC^TGOAGciC(krTGACGjtxrrraATATO 



AGGTOTCc6<^CQ^occG7tx:6; ~ — - " " - " • " ^ — - 1 - - - 

AACT^CGGTC^TCpOGGA^TCTGC 

ACXlA^GA6GAATCG^XXATGGGCX3AGGAv - — — 

<XGGdAACGAC£iAC^ACT^ 



C^GGTOCCGTOAt^ 

imxXSGCC^GtGGAGCQ^Ge^ 

GGCTCG?tjfeGQTO&&GG^^ 

Ci^GCACXSroGTOGTCGCTOC^ 

jCtfCACGCTOAdAra^^ 

GGtoATGCS&Gt^^ 

GTCGGC^CCC^GCC^^^ 

G^CCC^Ca^TCGeC^r^^ 

jim^CQGCCCTCTTO 

TOO CGGGGTGA G AGCTGG CGOG GGCOTOG GTGCGCGCGCG G CAG CTCTCCG CTGCGTTX3 AGG GCG 
GCCTGCCCCTGCGTCCGCGCACCCTCGC^^ 
T7X3CTCrGTCGTOCGCACTtrrarCTTATTrrC^ 
QCGGCCTCGTCACCGCGGCCCrrGCGGTXX;GCAGaC^ 
GGCGCGCTGCKJCXGATOTCCCTCTrGCGTCCCTCCTCC^ 
GTATA7XXGKX3ACCrrATCTTCGTACT 
* CGCCCCCCGGACGTCAGCGCCGCTGTGCTroCATC^ 

GGTAAGGACATXTTATATATGTATGTGTATGTATATGAGTATGTATATATGTA^GGTTATATATAGGA 

ATTTGTGTATCTrTGAGG7X5TATCK:ATGTGCGTGCOTATATTAGTGTO 

CACGCTCrGCrGCCCGCCTCCGCTGTGCGTGTCA 

GTGGTGGCCGTGCGGCGCGCGGGGGCTCCTCTGTGT^^ 

AAA AA AAAAAAA A AAAA AA AA 

SEQ ID No 2 (Nucleic sequence 2C1) 



CGAT^GCGATCrreGATTAtACX^ 

GtCATGATCA<3G^ 

AfaGAGbreGCTGACS^^ 

gcctgcccagtggagctcga^ 

qtcgggcacggtgctotccioact 
bctkmnrGTGcx^AGT^ 

GCETCAACCAChT^ 
ATCGAGGAA:TXXJCACATOGGCGAGGA 
GGMCGACCAC&ACTA^CCrc 
ftGGTCGGG#TOCGAGGTCGATGGGTQTGAGGTC 

OTGCCGTGAG GG eTACTOGCTG A CG GA CG AGAA G ACGTGCGTGGCG AACCACGATG G CQGCQTGG 

CGGCGGOjTCGAGCGGAG^ 

TGGTGGOTTGAGGGrGCG^GGGCCCCT 

GCAGGGCGTCGTCGCTG££CT(TrCTCACCC^ 

ACGCGCACACG^TCGrTGCATTOCX^GTGC 

Figure 7 
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SEQ ID No 3 (Nucleic sequence 1A1) 



AGCTfc 

ACOCAGTGOAGC 
GTOCCGCCCC3AOTCOApTGGGi6 

GGGAC " 



A^raATCTOrCEG^ 

gag§5gca^^ 

C^TCGAGGAATXHX^^ 




CK3^TGC&GA<5£'COT^^^ 
^CG<XXCT^c£pTG^ 



SEQ ID No 4 (Nucleic sequence 2G1) 



&CS€^WCG^G^G^^ 
fcCAeTTCTG^fcGG^ 



GGGT<^*A§OT<^ 
CGTCASGCSprGCCj^^ 

CETCOTCGCn^^ . _ . 

ATt3CACGG®CATGGGGA<3C^ 



tfTGGiO 
GTGCGC 

TCOCTGrrGACCtCAAAAAAAAAAAAAA.^AAAAAAA 



TTTXrnjrATTTCTCTGT 



7igurc 7 (continued) 
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SEQ ID No 5 (Nucleic sequence W2) 

ccggcgtc'g<3cqtct^ 

cr:ctgcoAgcgwactacaag^^ 

aatgggCcaggggctGa^ 

^GATATGACTGTGCATCGA^^ 

agtggagc^ggatgacgtc^tggacaa^ 
•cggcacggigccgcc^agtggagtoggatgacg'i^ 
<^cga<:acggcggtctccggcaggctgcc^ 

CTGATPGArctd'GA^^^ 

G^GTG&M'GGGGAAGGG'CGAGG^^ 

GGAGTOTCteCCCCeTCGTOGTCrrcGATGGAGAAGX^^ 

££GCAACCACiTCTGCGGGT6CG^ 

GGATGTGAC£AtXDGA.GGAAT^^ 

GTGCCGCCC^AGTGCrGCT^^ 

GGCACCCeAGGAGCCTCCTCTACnxsC^^ 

A^G<^TGTGi^roTGCGAGGG^ 

AGGGGTAGTCCTGACG^ACGAGAA 

GGCGGGGGCGTpAAGCGGAGCG^TGG^TGCG^ 

[GITGAO^GIGOGGCTGGT^ 

CCCCtGGTGecnK&CieGCC 

CCP'GGATGCg^TGQGGGTGi^^ 
GGGACCC 



Figure 7 (continued) 
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SEQ No 1 1 (Nucleic sequence LT1 1 of Ldi) 

GC3CT6CTGCCGCTGGCGCTGTTGTGTGTGTGCTGGGGCCGCGCCACGCA 
CACGCACGGTAGTGAGGGGGAGCCGCAGCGACCGACCGGGCGGAGCGGGC 
GGGCGGAGGGGGGCGCTCCCGCCCGCTGGTCATGCTCTCTGTTTCGCTGG 
• CCGGCCTCTCrACGCCGCTGGCGTGGGCGGAGCTCCGCGCTGCGTATCGC 
TCGCCCCTCGCTGCCCCTCCCTGCCCCTCCtCATGTGCACTGCTCCCTCC 
CTCTCCCTCCCTCTACACTCCTCGCrGTCCCCTCGGCCGACCTCCACGGA 
CACGCAGACGTGCGTGCGCAtACACACCACCCCTCACCTCGCTGCTGCTG 
CTGrGACAGCTCTACGGACCCTGCCCAGTCGCTGCGCCCCCGCCACCCGC 
CTCTGTCCCCCGCACGAGGGTACCTACGACGTGCCGGCCACCCCGCTCTG 
CCCGATAAGCTGAGCTGGCGCTCACGCCCGAGCARTCCCCTCACGGATCT 
GCTGCCGCGCCGCACTGCTCTTGACCCTGGCTGCGAATGGCGCTGTGCGT 
GCGTCGGCTGGTGCTGGCGGCGACCCTCGCCGCXGTGGTGGCGCTGCTGC 
TG^GCACGAGCAGTGCGCCGGTGGCGCGTGCTGCTGTGAAGGATGACTTC 
ACTGCTGCGCAGCGGACGAACACGCTGGCGGTGCTGGAGGCGTTTGGGCG 
TGCGATCCCTGAGCTTGGGAAGCTGTGGAAGGGCGACGACTXCTGC 
rxrTGGGAGTCGGTCGTGTGCGATGTGACCGAAGTGTACTTGTGGGAA 
ATCGGTGCGACGTATACCGGCACGCTGCCGGAGATGCCTGTGGACGTCGA 
CTTACACGGCCGTCArGGTCAAGCACCTCGACTTTTCCCAAATGGGGCTGG 
GGCTGAGCGGAACGCTGCCGGACAGCl'GGAGCAGGCTGCAGGGACTGACC 
XCACTXACGTTG1CGGGCTGCGGCGTGAGCGGTACGCTGCCCCCCTCGTG. 
GCGCTCGATGAAGTCTTTGGTGrCGTTGTGGArTGAGAGTTGTGAAACTG 
TTACCGGCAAGCTGCCGCCTGAGTGGAGCTCGATGAAATCGCTGAGAGAT' 
CTCCArCTGCATGGCGCGAAGGTrTCCGGCACGCTGCCGCCTGAGTGGAG 
CACGATGAAATCGCXGACCCXTCTCGAXCTGCAGGACACTCAGGTTACCG 
GC AGT CXGCCGC CTSAGX GGAG CXCAAXGAAAT C C ATGACCATTC TCAGT 
CTGAATGGCGCGAAGGTTTCCGGCACGCTGCCACCCCAGTGGAGCXCGAT 
GACATCGCTGAGCCTTCTCAGTCTGGAGGGXACTCAGCTCTCCGGCACGC 
TACCGCCCCAGTGGAGXGGGATGACATCGCTGGTCACGCTTTTTCTGCA 
GGGXACTCAGGTCTCCGGCACTCTGCCGCCGCAGXGGAGAXCGATGTXGAA 
XGCCGAGXTCCXGCAGCXGGAGAACXGCGACCTGTCCGGCTGTTXGCCCCC 
CGAGTGGGCTGCGATGCCGAAGCTGCGTCflTGTCGAACTTAAGGGCAACCA 
GrTCGCCGGGXGrGTGCCGGacXCGTGGGCTCAGAAGGCCGGTCTCGTTGT^ 
GGAAATCGAGGATAAGCACACGGGCAAgAGCTGCATXGCTGGXGCGGACTG 
CGCAACGACGACCACGACCACCACTGAACCCACGTCCACTGCGAGCCCAAC 
AGCCACGCCTACCTCTGCCCCCGAGACGGAGTGCGAGGTGGATGGGTGTGA 
GGTGXGCGATGGGGACTCCGCGGCGAGGTGCGCCAGGTGCCGTGAGGGCTA 
CITCCTGACGGACGAGAGGACGTGCCTGGTGTACCGCGATGGCGGCGTXGT 
GGCCGTGTCGATCGGAGCGGCTGCTGCCGCTGTTGTGTGCATGGCXGXGCT 
GCXGAGCGTGGGGCTGGCGGCGTGAGGATGCCGCTGCTGXCGCGCGCAGGC 
GGCGGC^CCCGCXGCGTGGCACACGACXGCGTGCTTGCGTGCAGCACCGCG 
CCCTGCATTGGCGTGCGXGXGCGCGTCTGXGXGTGCAXGGCTGCTGACGGT* 
GCCXTTCGTCCTGCCTCTCGCTGCCXCrGCCTCTCXCCGCGTCFIGAATGCX 
GXGGGCTGTGTTTGGGGCXCTCGTGCGGCGCTGCTGTACGGCTGCTGCTTC 
TXCTCCACCCTCCTCTCTCGCATGCCG3CGAGGGAGGGGTGGCACGTGCGC 
GTGTGCCGCTGCGCXXGCGAGTGCGTCXGTGTGTGGGCCTTCACCACGTGC 

Figure 7 (continued) 
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TACGGTCACGCCTTCTCGGCTGGCCACTCGCGGCGCTGAGGGCGGTGTGCC 
CTTCCCCTCGAGCGCCGTCGCACTCTCTTCCGCGCGCCTGCGCGGGCTTCT 
TCGTGCGCTGTGCTCAGCCGTGCGCTCTCACCTCTTTCCCTTTTCP.TTCGC 
TTGTCTTCTCTCTTCTCCCCCCGCAgTGCGGTCTCCCCTCCTCTGCCGTGC 
GGTGCGCAGGCGGGTGflCTTGCCG3?TGCGTCTCCCCCTTTCGTGGAGCGCT 
GRGCCGATCCCCCTTCGGCCTCCCTCCTCCCTCCTCdCGTGGG^CCTGTCT 
GTTGTACATCGTCGGACCGTCTCTTCGTGTTGCCTCTCCGCACCTTCCGCA 
AATCTGCrGCTCGCCTGTGCCGCCTCTCGGACTrTATCCTTACTGTGATTGT 
A7TCTCACGGTGCGTCTCCGTGTGTGTGTGTGCCACGCACCGCTTCTTCCA 

tgtgtgtccttgcttgctctcgtctgcccccccccctptgcctcacacatt 

CCGXGCGTGTGTGCATCACCGTTGSGCGGCa^CATCGGTGCCCGTCCCTGC 
CACCCTCTACTCCCTCATTCTCTTGCCACTTCGTGGGCGGTGCGTGCATGC 
ATGGATG7ATATACACGCATAGAGGGGTG3GGACGCGGGGGATCCTCTAGA 
GTCGACCTGCAGGCATGCAAGCTTGGCGTAATCATGGTCATAGCTGTiTCC 
TGTGTGA^lATTGTTATCCGCTCACAATTCCACACAACATACGAGCCGGAAG 
CATAAAGTGTAAAGCCTGGGGTGCCTAATGAGTGAGCTAACTCACATTAAT 
TGCGTTGCGCTC 

Figure 7 (continued) 
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SEQ No 6 (Protein sequence A3B) (sense direction) 372 as 

GOXWTSSDFCSWKHIICDSPGVGVWWGDVDY^ 

HPC<^*DSPniEKDRLDmEBW^ 
PSPGSGCBVDGCE^CH&DSAAHCARCREGYSLTDEKTCW 

AAVliL SVGliVA* 

SEQ No 7 (Protein sequence 2C1) (sense direction) 287 

MG DVDYTGTI/PEWPftSVDYKDVMI TElJJFS AKGQGIjSGTLPPSW S S LTSLJSIiC I EKSEK 
V*6TTjPAQWSSMTSfcBHMU»HDffAVSGT^ 

AjCAElAVQLENOTl»SGSLPP5WSAMPKLRlVSt*SGMB?CQCVPDStTO 
GEDCKLANACRPOTA?G7TTTNPPTTTC^ 

CRraYSLTDEKTCVANHDGGVAAASSOAVAAAAV^AVLI>SVGLVA* 

SEQ No 8 (Protein sequence 1A1) (sense direction) 3u aa 

MGDVDYTGrLFEWPASVDYMDVmHA^^ 

VTGTLP^QWSSMKQLTLliHLKGTKVSGriiPPEWSGMTSliODLNLRPTAVSGriiPAQWSSM 

KQLIDLDZiB(n3CVSGTI*PPEWSGMAKAE^ 

rcGCVPDSWREKDRLDVTIEESmiG&DCKLA^ 

SPGSGC ETVDGCEVCEGDSWUElCARCRSGy SI»T DSKTCLAil B DGGVAAAS 5 GAVAAAAVWA 



SEQ No 9 (Protein sequence 2G1) (sense direction) 238 
KGDVDyTGTliPEMPAmn^yKDVMITELNFGaMGQGLSGTLPPSWSSHKQLJDIiDLBGTr^ 
SGTLPPEWSGMAKREALQLKYCDLSGSLPPSWSSWQKLRIVSI^GNEFCGC^PDSWKE^ 
EI*DVXXB^HMGSDCKlAANJXRPrAAFGTTrTOTPTTTGTPAftSS!?PSP5SGCEVDGCEV 
CE GD5ARBCARC.H EG Y SLT DEKTCIAl^H DGGVAAAS SGAVAAAAVWAAVLL5 VGLVA* 



SEQ No 10 (Protein sequence W2) (sense direction) 271 aa 

MGDVDYTGTLPEMPASVDYKtfxTMttTELN 

VTGTJL-FAQWS SWTS LONLNhHW'AVSGTLPPEWSG?5TSLDDLK1iBDTAVSG7LPAQWSSM 
KQUDLDLSGTKVSGTlfPPfWSQWCA^^ 

FCGCVP 0S V7KEKDP4i0VTI BEWHWGEDCKLftKACRPT AAPGT TTTtfPPTTTGYPAASS^ P 
SPGSGCEVDGCEVCE0DBAARCARCREGY5* 



SEQ No 12 (Protein sequence IJ1 1 of Ldi) (sense direction) 464 aa 
MA LC VRRLVL AATL AA V VA LLLCTSS A P VARA A VXDDFTAAQRTN7LA VLEAFG 
RAlPELCKLWKGDDFCFWfiSVWRC^ 

sststfpkwowgwaercrtagagcrdwphlrc^^ 

CGLRVVTtVLPASCRLSGARWNRWBlSl^ 
RI,PAVCRL^AQWNPWPFSVWMARRFPAR<^S^ 

YRPS GSOMTSLVTLFlQG TQ VSGTLPPQ WRSNCLNAEFLQLENCTI^GCIJP PEWAA 
MPKLRHWUCGNQFAGCWDSWAQKAGI^^^ 

EPTSTA SPTA TPTSAPETECEVDGCE VCDGt>S A ARCAKCREG YFLTDERTCLVVP^ 
GGWAVSIOAAAAAWCMAVtLSVGLAA* 

Figure 7 (continued) 
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Figure 3 
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